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This paperdescribesluminescencespectraof orderedperovskitesof thetypeA2BWO6
ThecompoundsA2MgWO6 showtwo differentemissionbandsFrontheRamanspectra
of Ba2MgWO6andBa2CaWO6andfrom luminescenceexperimentsonBa2Nao8W1 206
andBa2Ca095Nao04W1 ~ it is concludedthat thereis a slight deviationfromcomplete
orderingbetweentheMg

2+andW6~ionsm A
2MgWO6

I Introduction

Owing to thesimplicity of their crystalstructure,compoundswithordered
perovskitestructureare particularlysuitableasmodelcompoundsfor fundamental
studiesof certainphysicalproperties[1—4] In our laboratory,researchis carried
outon the lummescenceof compoundsA2BWO6 in which A andB arebivalent
ions The A

2’ ionsare in 12 coordination(Ca2’ sitein perovskiteCaTiO
3) The

B
2’ andW6~ionsarein 6 coordination(Ti4’ site m perovskite)TheB2+ andW6~

ionsareorderedin suchawaythateveryW0
6 octahedronhasonly B06 octahedra

as nearestneighbour[5] BlasseandCorsmit [6] havereportedthereflectionspectra
of compoundsA2MgWO6 inwhich A is Ca Sror Ba andof Ba2BWO6in which B
is Mg, Zn Ca Cd, Sror Ba andtheluminescencespectraof Ba2MgWO6 A remark
ablephenomenonis the presenceof two emissionbandsm their spectraof
Ba2MgWO6 Thesebandshavedifferent excitationspectra We havestudiedthis
doubleemissionm moredetailandextendedthe previouswork to Ba2CaWO6
Ba2SrWO6,Ba3WO6 Sr2MgWO6 Sr2CaWO6 Ca2MgWO6andCa3WO6 Thesecorn
poundshavebeendescribedin thehterature[5]

2. Experimentalmethod

Sampleswere preparedby theusualtechniquesasdescnbedin ref [7] They
were checkedby X raypowderanalysisusingCuKa radiation Excitationand
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emissionspectrawere recordedasafunctionof temperatureoil a Perkin Elmer
MPF-2A spectrofluorirneter.Theexcitationspectrawere correctedfor the lamp in-
tensityusinglumogenasa standard.The emissionspectrawerecorrectedfor the
sensitivityof the photomultipheraccordmgto the curvegivenby themanufacturer
Ramanspectrawere measuredat roomtemperatureon a SpectraPhysics700Raman
spectrometerusingan argonion laser(courtesyof Dr JH van derMaasof this
University).

3. Results

3.1. Luminescencespectra

Thetwo emissionbandswhichhavebeenobservedfor Ba2MgWO6arealsopres-
ent in thespectraof Sr2MgWO6and Ca2MgWO6 By selectiveexcitationitis pos
sibleto observethe two emissionbandsseparatelyThe longwavelengthemission
is observedwhenthe sampleis excitedby longwavelengthUV radiation
(320—340nm) while theshortwavelengthemissionis observedwhenthe sample
is excitedwith radiationof 277 nm Table1 summanzesthe resultsconcerning
themaximaof the spectra.in fig. 1 theemissionbandsof Sr2MgWO6are repro-
duced Thelongwavelengthemissionis quenchedat about350 K, whereasthe
shortwavelengthemissionis alreadyquenchedat about200K Thetwo emission
bandshavedifferentexcitationspectraasreportedm ref [6] Above 150 K the
longwavelengthemissioncanalsobe excitedin theexcitationbandof theshort
wavelengthemissionThe excitationspectraof Sr2MgWO6are reproducedin fig 2
The emissionspectraof Ba3WO6,Ba2SrWO6and Ba2CaWO6showonly oneband,
the excitationspectrumofwhich resemblesthat of the shortwavelengthemission
of A2MgWO6

Table 1
Maximaof the emissionbandsof compoundsA2BWO6at5 K.

Compound Lummescence Luminescence
excitedin shortwavelength excitedin long wavelength
excitationband(nm) excitationband(nm)

Ba2MgWO6 412 508
Sr2MgWO6 404 520
Ca2MgWO6 412 556
Ba2CaWO6 468 —

Sr2CaWO6 460 and580 —

Ca3WO6 440 and556 —

Ba2SrWO6 490 —

Ba3WO6 518 —
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Fig. 1. Emissionof Sr
2MgWO6at 5 K under330 and277 nm excitationrespectively.
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Fig. 2. Relativeexcitationspectraof theemissionof Sr2MgWO6at 380 and560 nm at5 K.
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At temperaturesbelow50 K thecompoundsCa3WO6and Sr2CaWO6showtwo
emissionbands,but this timeit is the long-wavelengthemissionthatappearsatlow
temperature.Moreover,theseemissionshavepracticallythe sameexcitationspectra
whichresemblestronglytheexcitationspectrumof the short-wavelengthemission
of A2MgWO6. Forthesereasonsit isnot very probablethat the long-wavelength
emissionof Ca3WO6andSr2CaWO6hasthe sameorigin asthat of theA2MgWO6
compounds.Thedoubleemissionof Ca3WO6andSr2CaWO6is underinvestigation.

3.2. Ramanspectra

Fora numberof samplesof Ba2MgWO6andBa2CaWO6preparedat a fewdiffer-
ent temperatureswe measuredRamanspectraunderhighresolution in particular
the spectralregionaroundthev1 symmetricstretchingfrequencyThe Raman
spectrawerenotdependenton thewaywe preparedthesampleswithin theexperi-
mentalerror Wefoundthat the s~peakof Ba2MgWO6is considerablybroaderthan
thatof Ba2CaWO6.Thehalf-widthvaluesare 25 and 15 cm~respectively.We also
measuredRamanspectraof the compoundsSr2MgWO6,SrCaWO6, Ca2MgWO6and
Ca3W06,but the lastthreeshow a splittingof thethreefolddegeneratev3 peak.This
pointsto a loweringof site~symmetry.Thehalf-widthof the v1 peakfor thesecom-
poundsis about20 cm*

4. Discussion

Sincethe long-wavelengthemissionbandof thecompoundsA2MgWO6 andthe
correspondingexcitationspectrumarenotobservedin othertungstateswith ordered
perovskitestructure,it is not likely thatthis emissionbandoriginatesfrom a regu-
lar W06 octahedronContraryto the proposalof Blasseand Corsmit [6] it seems
moreacceptablethatin additionto the regular isolatedW06 octahedra~thereare
otherW06 octahedrawhich are crystallographicallydifferentfrom theregularones
The relativebroadnessof thev1 peakin the Ramanspectrumof Ba2MgWO6points
alsom this direction Since theorderedperovskitestructurehasonly onecrystallo
graphicsite for tungsten,we haveto assumea deviationfrom the idealstructure
An obviouspossibilityis a slight deviation from completeorderbetweentheMg

2~
andW6~ions Thisorderis stabilizedby thedifferencebetweenthechargesand
iomc raduof theseions The radii differenceis not verypronounced(rMg2I~=
0 72 A andr~&~= 0 60 A [8]) the chargedifference,however,is very large Never
thelessthe possiblity01 a slight disorderis greaterm compoundsA

2MgWO6 than
in compoundswith orderbetweenCa

2+,Sr2+or Ba2+on onehandandW6~onthe
otherhand Moreover,it hasbeenshownthat theorderedperovskitesSrLaMgNbO

6
andSrLaMgTaO6(with equalionic radii and chargedifference3 for Mg

2’ andNb~5’
or Ta5’) showa considerabledeviationfrom completeorder [9] Since theX ray
diffraction spectrado notleadto the conclusionthat thereisdisorder,this devia-
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Fig. 3. Emissionspectraof Ba2MgWO6andBa2Na0,8W1•206under320 nm excitationat5 K.

tion from completeorderis estimatedto belessthan about2%.An attemptto prove
the disorderby a calculationof therelativemtensityof the (111)superstructure
reflectionfailed becauseof the uncertaintyin thepositionof the 02— ions

The assumeddisorderamutualexchangeof aMg
2+ and aW6~ion, resultsin a

numberof W0
6 octahedrawith otherW06 octahedraas nearestneighboursTo

testthis hypothesiswe preparedperovskitesin whichneighbouringW06 octahedra
occurdeliberatelybecauseof the stoichiometryThis is possibleifwe takefor the
B ion a univalention SowepreparedBa2Na08W1 206 [10] This perovskiteshows
a weakemissionat very low temperatures(5 K) Theemissionresemblesthelong
wavelengthemissionof Ba2MgWO6(fig 3) Also, the excitationbandis a combina
tion of the short andlongwavelengthexcitationbandin Ba2MgWO6 Further we
preparedBa2CaWO6with anexcessof tungstenby replacingpartof the Ca

2~by
Na~andW6~Ba

2Ca095Na004W10106 This compoundbehavescompletelyanal
ogousto Ba2MgWO6 Thereare two emissionbandswith differentexcitationspectra
at 5 K. Thelong-wavelengthemissionis quenchedat 330 K, whereasthe short-
wavelengthemissionwhich resemblesthe emissionof Ba2CaWO6is quenchedat
200K At roomtemperaturethelongwavelengthemissioncanbeexcitedin the
shortwavelengthexcitationband Thustheenergyis transferredfrom theregular
to the“defect” W06 octahedra.This is also true for Ba2MgWO6.
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5. Conclusion

From our luminescencespectraweconcludethat the long-wavelengthemission
observedin compoundsA2MgWO6 originatesfrom anothercentrethanthat for
theshortwavelengthemissionThisdisagreeswith aproposalmadepreviouslyby
BlasseandCorsmit [6] who havesuggestedthatbothemissionsarefrom oneand
thesameregularW06 octahedronFromthebroadnessof the Ramanv1 peakm
Ba2MgWO6comparedto Ba2CaWO6andtheluminescencespectraof Ba2Na08W1 206
andBa2Ca095Na004W10106,wetentativelyconcludethat the long-wavelength
emissionoriginatesfrom defectW06 octahedraformedby mutualexchangeof Mg

2+

andW6+ ions Thedegreeof disordermustbe small becausetheX ray spectrado
notshowanyevidencefor it Theluminescencefrom the defectW0

6 octahedra
canalso beexcitedm theregularW06 excitationbandat not toolow temperatures
sothatenergytransferfrom theregular to thedefectW06 octahedrais possible

Acknowledgement

Theinvestigationswereperformedasa partof the researchprogrammeof the
Stichting voor FundamenteelOnderzoekderMaterie (FOM)with financialsupport
from theNederlandseOrganisatievoor ZuiverWetenschappehjkOnderzoek(ZWO)

References

[1] G BlasseProc mt Conf Magnetism Nottingham p 350 Publ Phys Soc London
(1964).

[2] G Blasse J Phys Chem Solids 26 (1965) 1969

L3] A Ferretti D B RogersandJ B GoodenoughJ PhysChem Solids 26 (1965)2007
[4] AW SleightandiF Weiher J Phys Chem Solids 33 (1972)679
[5] EG StewardandHP Rooksby ActaCryst 4 (1951)503
[61 G Blasseand AF Corsmit J SolidStateChem 6 (1973)513
[7] A F Corsmit H E HoefdraadandG BlasseJ Inorg Nuci Chem 34 (1972) 3401
[81 R D ShannonandCT Prewitt ActaCryst B25 (1969)925
[9] G BlasseandA F Corsmit J SohdStateChem 10 (1974)39

[10] AG Kapyshev VV Ivanova YN VenevtsevSoy Phys Dokl 11 (1966)195


